Data were 876 birth records and 727 weaning records of straightbred and F3 crossbred calves produced in the third generation of a five-breed diallel. Among straighttinxis at birth, Holstein calves were heaviest and widest at the shoulders and hips. Jersey calves were lightest and narrowest at the hips, and Brahman calves were narrowest at the shoulders. Holstein crosses tended to be larger at birth than crosses among other breeds. Among straightbreds at weaning, Holstein calves were heaviest and tallest, and Hereford calves were lightest and shortest. Angus calves had the highest survival to weaning rate, and Holstein calves had the lowest survival rate. Among crossbred calves, Holstein crosses tended to be larger at weaning. Estimates of average heterosis retained for birth characters were not significant. Significant breed mean heterosis retention was observed for birth weight, shoulder width, and hip width of Hereford calves and for shoulder width and hip width of Holstein calves. Estimates of average heterosis retained for weaning weight and height were 6.1 kg (P < .01) and 1.02 cm (P < .05), respectively. In general, estimates of specific and average heterosis retained for survival to weaning were nonsignificant.
necessary for designing effective breeding programs. In evaluating the performance of breeds and their crosses, it would be desirable to examine straightbred, F1, F2, and F3 generations of two-breed crosses as well as three-breed crosses that use crossbreed dams (Dickerson, 1969) . The evaluation should include the estimation of heterosis for characteristics measured on individuals and dams and the amount of heterosis retained in advanced generations (F2 and F3). Previous studies from this station have evaluated a number of characteristics measured on five breeds of cattle, F1 and F2 generations of two-breed crosses of these breeds, and three-breed McElhenney et al., 1985 McElhenney et al., , 1986 Baker et al., 1989; Sacco et al., 1989a,b) .
crosses that used crossbred dams (Stewart et 4754 Few studies have examined the performance of inter se calves in later generations of crossing, especially in regard to the amount of heterosis retained. The specific objectives of the present study were 1) to characterize birth and weaning measurements on straightbred and F3 crossbred calves produced in the third generation of a diallel of Angus, Brahman, Hereford, Holstein, and Jersey and 2) to estimate specific and average heterosis retention for these measurements.
Materials and Methods
Data for the present study were from a project conducted at the Texas A&M University Agricultural Research Center at
McGregor. The project was designed as a diallel with Angus, Brahman, Hereford, Holstein, and Jersey breeds of cattle. Information concerning sampling procedures and early management of foundation animals was reported previously (Long et al., 1979) . Reproduction of cows and preweaning performance of calves produced during the first generation of this project were presented by McElhenney et al. (1985, 1986) , and preweaning performance of terminal-cross calves produced by fiist-and second-generation cows was reported by Sacco et al. (1989b) . In the present study, the preweaning performance of inter se calves out of second-generation cows is examined.
Cows were managed so that they had the opportunity to conceive when they were physiologically capable to do so. Females were maintained on pasture in three herds. Herds were frequently rotated among pastures. To avoid confounding of breed-type and herd, individuals of each breed-type were distributed across herds. Primary pasture forages were TAM winter-green hardinggrass, kleingrass 75, johnsongrass, oats, and wheat, all of which were grazed at various times during a year.
When necessary to reduce effects on reproduction of nutritional deficiencies due to forage seasonality, females were fed hay and a saltlimiting supplement of 20% salt, 69% ground sorghum grain, 6% vitamin and mineral supplement, and 5% urea.
Breeding and calving were year-round because of differences in birth date, age at puberty and conception, and calving intervals (Stewart et al., 1980; McElhenney et al., 1985) . Calves in the present study were produced by inter se mating of secondgeneration females with contemporary bulls by artificial insemination; half-sib matings were avoided Marker bulls were used to aid in estrus detection. There were a total of 320 females and approximately 20 siredbreed-type used to produce the calves. Cows failing to calve within 24 mo of their previous parturition (or not pregnant 18 mo after calving) and determined by palpation to be nonpregnant were culled. Cows were also culled for severe physical unsoundness. Approximately 1 mo before calving, cows were moved to a calving pasture and observed twice daily. Within 24 h of birth, calf weight, calf shoulder width, and calf hip width were recorded. One month after calving, cows were retumed to the breeding pastures. Calves were weaned at approximately 7 mo of age and males were left intact. Data, calf weight, and calf hip height were recorded at weaning.
Records of twin calves were excluded from analyses. In addition, records of calves andtor) their dams that were of questionable or incorrect mating were excluded. After editing, there were 876 birth records and 727 weaning records of straightbred and F3 calves produced in the third generation of the five-breed diallel (Table 1) . These records represent the inzer se parturitions (from one to four per cow) of dams before their inclusion in the terminal-sire phase of the project. For a number of breedtypes, a particular bull sired only one or two calves. Birth and weaning characters of calves from the dams in the present study, which resulted from matings to Charolais and Red Poll bulls in the terminal-sire phase, were reported previously (Sacco et al., 1989b) .
Data were analyzed using a general purpose least squares and maximum likelihood program (Harvey, 1985) . The following mixed model was assumed in the analysis of calf birth weight, shoulder width, hip width, and survival to weaning: Z , m = p + Bi + dBi, + observed value for a particular character, p = overall mean; Bi = fixed effect of the i* breedtype; dBij = random effect of the j* dam within the i* breed-type, d assumed N I D ( 0 , d ); Sk = fixed effect of the k* season of record; X1 = fixed effect of the l* sex of calf; A, , , = fixed effect of the m* age of dam; Yn = fixed effect of the nth year of record; and q h = random error associated with the ijklmn* record, e assumed NLD(0, 4). Data collected on two-breed crosses for each breed-type were pooled based on preliminary analyses; some crossbred breed-types contained few observations. Random effect of dam within breed-type was used to test the breed-type effect. The test of significance for breed-type is approximate because there are unequal subclass numbers (Harvey, 1985) . Seasons were based on calendar seasons. Year and season effects corre spond to those at the time of measurement. Two-factor interactions were not significant and were excluded from these analyses.
Sk + xi + Am + Yn + q m , where zijklmn =
:i
A linear model was used in the analysis of survival to weaning (discrete variable) because linear models afford greater flexibility (Harvey, 1982) . Li (1975) has suggested, as a rule, that the number of obsemations (n) times the probability of success (p and n times the probability of failure (1 -p) should be 2 5
when using linear models to analyze discrete data. For most of the breed-types in the present study, n(p) and n(l -p) were 1 5.
In the analyses of weaning weight and weaning hip height, age of calf was influenced as a covariate in addition to the effects included in the analyses of birth characters and survival to weaning. Two-factor interactions examined in the preliminary analyses of weaning characters were not significant and were excluded from final analyses.
Estimates of specific heterosis retained in the third generation (F3 -P3) were calculated using linear functions of the contemporary straightbred (P3) and crossbred (F3) means based on the expected genetic effects presented in Table 2 . The coefficients presented in Table  2 for Angus, Brahman, and hgus-Brahman breed-types are analogous to those for other straightbreds and their F3 crosses. Linear contrasts of the overall straightbred and F3 crossbred means were used to calculate estimates of average heterosis retained. The linear function F3 -P3 has an expectation of 1/20' + hM) assuming heterosis to be a function of dominance only; h1 and hM designate individual and maternal heterosis, respectively. This is equivalent to the 1/2(h1 + hMo) of Koch et al. (1985) when epistatic effects are assumed to be negligible. Because of the small numbers of animals within some crossbred breed-types, which the authors deemed insufficient to obtain reliable estimates of effects, and because of the absence of backcross combinations, a decision was made to assume heterosis to be a function of dominance alone. As suggested by Koch et al. (1985) , consideration of the sum of retained effects (in this study, 1/ 2 d + 112 h') seems to be useful because these effects are expressed in consecutive generations and errors in the estimate of one effect tend to be compensated by errors in the estimate of the other effect. Breed mean heterosis retained was calculated for each b r d from the estimates of specific heterosis retained of the crosses that contained that particular breed. 
Results

Birth Characters
Breed-type, dam within breed-type, sex of calf, season, year, and age of dam were significant sources of variation in the analyses of birth characters. Calves born in the spring were larger than calves born in other seasons.
Males were significantly larger at birth than females. Many studies have reported larger birth weights for males (e.g., Cartwright et al., 1964; Cundiff et al., 1974; Gregory et al., 1978; Dillard et al., 1980; McElhenney et al., 1985) . Birth weight, shoulder width, and hip width increased as age of dam increased. Significant age of dam effects for birth weight have been observed previously (e.g., Cartwright et al., 1964; Dillard et al., 1980; Roberson et al., 1986) .
Breed-type means for birth characters are presented in Table 3 . Among straightbreds, Holstein calves had the heaviest birth weight (35.1 kg) and were widest at the shoulders (17.7 cm) and at the hips (16.2 cm). Brahman calves had the smallest shoulder width (15.9 cm), and Jersey calves were lightest (24.9 kg) and had the smallest hip width (14.2 cm). Hereford calves were heavier at birth than Angus and Brahman calves. McElhenney et al. (1985) reported a similar ranking for inter se calves out of first-generation dams produced in the same project as the present study. Reynolds et al. (1980) observed a significantly heavier mean birth weight for Angus calves than for Brahman calves. Heavier mean birth weight for Hereford calves than that for Brahman calves was reported in the study of Roberson et al. (1986) .
Among crossbreds, Holstein crosses tended to be larger at birth than analogous crosses.
Hereford-Holstein calves were heaviest at birth and widest at the shoulder and the hips (means were 33.7 kg, 18.3 cm, and 16.1 cm, respectively). Angus-Jersey and Brahman-Jersey calves were the two smallest breed-types at birth. Heterosis Retained. Estimates of specific heterosis retained for birth weight, shoulder width, and hip width of F3 Angus-Hereford calves were 3.43 kg (P < .Ol), .74 cm (P < .Ol), and .59 cm (P e .Ol), respectively ( Table   4) . Koch et al. (1985) reported a significant average deviation of F3 Angus-Hereford calves from the average of the parental breeds for birth weight @3 -P = .22 kg; P < .OS). calves out of first-generation cows using data from the same project as the present study. In that study, the difference between the F2 mean and the straightbred mean estimated 1/2h1 + hM, assuming heterosis to be a function of dominance alone. Comparing the results for average heterosis retained in the present study with the results for average heterosis in the study of McElhenney et al. (1985) suggests that, as a component of the combined heterosis estimated for F2 and F3 calves, maternal heterosis is important for birth characters.
Estimates of breed mean heterosis retained for birth characters are presented in Table 4 
Weaning Characters
Breed-type, dam within breed-type, season, sex of calf, year, and age of calf were significant sources of variation for weaning weight and weaning hip height. Age of dam was significant for weaning hip height. In the analysis of survival to weaning, significant differences due to breed-type, dam within breed-type, and age of dam were observed.
Calves weaned in the fall tended to be heavier and taller than calves weaned during other seasons. Males were heavier (P < -01) and taller (P < .01) at weaning than females. Other studies have reported that males were heavier at weaning (e.g., Cartwright et al., 1964; Cundiff et al., 1974; McElhenney et al., 1985; Roberson et al., 1986) . Weaning hip height and survival to weaning tended to increase with age of dam. Excluding aged cows, calves born Breed-type means for weaning characters are presented in Table 5 . Among straightbred calves, Holsteins were heaviest (204 kg) and tallest (111.3 cm) but had the lowest survival to weaning (71.5%). Hereford calves were lightest (167 kg) and shortest (97.6 cm). In the study of McElhenney et al. (1985) , a similar ranking was observed for weaning weight of straightbred calves out of first-generation dams, except that Jersey calves were lighter than Hereford calves. Ranking based on weaning hip height was the same as that in the present study. Highest survival to weaning was observed for Angus calves (88.0%).
Holstein crosses tended to be heavier and taller at weaning than other crosses. BrahmanHolstein calves were heaviest (208 kg) and tallest (1 12.9 cm). Angus-Jersey and HerefordJersey calves were the two smallest breedtypes at weaning. Brahman-Hereford calves had the highest survival rate (91.9%). Heterosis Retained. Significant estimates of specific heterosis retained for weaning weight and weaning hip height were observed for F3 Angus-Hereford, F3 Brahman-Hereford, F3 Brahman-Holstein, and F3 Hereford-Holstein calves ( Table 6 ). The deviation of F3 AngusHereford calves from the average performance of parental breeds was significant for postweaning gain but not for weaning weight in the study by Koch et al. (1985) . The specific heterosis estimates for weaning weight of F3 Angus-Holstein calves was 8.7 kg (P < .05). A negative specific heterosis estimate for survival to weaning was observed for F3 AngusHereford calves (-1.4) . Koch et al. (1985) reported a negative estimate for survival to weaning (-1.3) of F3 Angus-Hereford calves as a deviation from the average of the parental means. In general, estimates of specific and average heterosis retained €or survival to weaning were not significant. However, the 5 to 10% increase in survival to weaning observed for some breed-types may be biologically and economically important. Estimates of average heterosis retained for weaning weight and weaning height were 6.1 kg (P c -01) and 1.02 cm (P < .05), mpedively.
Comparing the results of this study of average heterosis retained with the results of average heterosis for weaning weight (15.2 kg) and height (2.0 cm) in the study of McElhenney et al. (1985) suggests that maternal heterosis is important for weaning characters of inter se calves in this project as a component of the combined heterosis estimated.
Estimates of breed mean heterosis retained for weaning characters are presented in Table  6 . Significant breed mean heterosis for weaning weight and weaning height were observed for Brahman, Hereford, and Holstein calves. Among Angus, Brahman, and Hereford calves, similar breed mean heterosis retention was found for weaning weight of Angus and Brahman, which was less than that for Hereford Breed mean heterosis estimates for survival to weaning of Hereford, Holstein, and Jersey calves were significant.
Dlscusslon
In producing crossbred livestock, animal breeders seek to exploit favorable dominance deviations. However, it is possible that a breakdown may occur in favorable epistatic combinations, established within breeds through selection, which could result in reduced performance in advanced generations of crossing (Dickerson, 1969 (Dickerson, , 1973 Kinghorn, 1980 Kinghorn, , 1983 Sheridan, 1981 ; H i l l , 1982).
In Sheridan's (1981) paper, a number of studies with poultry, swine, sheep, beef cattle, and dairy cattle were reexamined in terms of the level of heterosis observed in crosses other than the F1 population. Two important conclusions that can be drawn from this paper are that 1) the model that is consistent with the level of heterosis observed differs among traits as well as species and 2) more than one of several different genetic models of heterosis could be used to explain the level of heterosis observed in a particular crossbred population in the studies reviewed.
The practical problem is one of obtaining sufficient numbers of animals and types of crosses to examine the various models of heterosis and obtain reliable estimates of effect mil, 1982). In the present study, a decision was made to estimate the level of heterosis retained in F3 crosses in comparison to thirdgeneration straightbreds assuming heterosis to be a function of dominance alone. This study provides estimates of heterosis retention for birth and weaning characters of calves that are generally not available in the literature, especially for some of the breed-types included.
The results indicate that signifcant average heterosis is retained for weaning weight and weaning hip height but not for weight, hip width, and shoulder width at birth or survival to weaning. Koch et al. (1985) reported significant heterosis retention in F3 AngusHereford calves for preweaning gain; however, their estimate for weaning height was not significant. Favorable heterosis retention for weaning weight among groups of crossbred cattle was observed in the study of Urick et al. (1986) . Crossbreeding often results in a significant advantage for survival to weaning (Long, 1980 Based on the results of this study as well as others (McEIhenney et al., 1985 (McEIhenney et al., , 1986 Sacco et al., 1989a,b) , there is a large amount of variability for a number of characters among the breed-types examined whether in an inter se or terminalcross system. Changes in rank were observed among breed-types for birth and weaning characters between the inter se and terminalcross systems. Estimates of the performance of the breeds included in these studies provide information that is necessary for designing efficient breeding programs that match available germ plasm to nongenetic resources.
lrnpllcations
There are a number of composite breeds and crosses of cattle used in beef production, but there is little quantitative information available on the retained heterosis of inter se cattle in advanced generations of crossing. The present study reports the performance of thirdgeneration calves of a diallel of Angus, Brahman, Hereford, Holstein, and Jersey. Results indicate that significant heterosis is retained for weight and hip height at weaning but not for weight, shoulder and hip width at birth, and survival to weaning. In addition, results suggest that heterosis retention may be greater in Bos tawus x Bus taurus than in Bus taurus x Bos indicus crosses.
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